STATE OF THE ART WORK ROLLS
FOR HOT ROLLING FLAT PRODUCTS

Karl Heinz Ziehenberger
Development Engineer - ESW, AUSTRIA

Zi@esw.co.at

Michael Windhager
Head of R & D - ESW, AUSTRIA

wr@esw.co.at

Key words: ICDP, High Chrome, HSS, hot strip mill, CSP milte&kel mill

ABSTRACT

Sate of the art work roll grades for roughing and finishing mill application are described,
including characterisation of microstructure, hardness and residual stress levels. Most recent
work roll developments are presented, including results of HSS rolls running successfully in
roughing and finishing stands of conventional HSM as well as CSP-mills; HSS devel opments for
Seckel millsare discussed in detail.

ROLL TYPES AND ALLOYING SYSTEMS

Over the last years, the use of work rolls for tudling of flat steel has changed. The following
picture gives a short description of the recentlnysof roll grades development in a conventional
hot strip mill (fig. 1).

In theroughing stands conventional high chrome steel 70 — 75 ShC has lgeadually replaced
by new grades like carbide enhanced high chronat 8%e— 80 ShC, ultra low carbon grades like
Semi — HSS resp. matrix type HSS 80 — 90 ShC, Kath&ad= Cr-based HSS) and the variety of
other HSS grades HSS 75 — 85 ShC. Due to roll @k production demands placed on the
rougher rolls, these developments follow mainlyfitet finishing stands F1-F4.

The first 3 — 4finishing stands have seen a development from high chrome cast7@#r 75
ShC to carbide enhanced high chrome cast iron 88 ShC, Konkordia 75 — 85 ShC (Chrome
based HSS), and a variety of other HSS grades8&ShC.
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In the last finishing stands the situation is quiiéerent. Conventional ICDP rolls 70 — 85 ShC

which had been used over decades, are now beigelyareplaced by carbide enhanced ICDP
rolls of different alloying concepts and performane as well as safety levels. Graphite

containing high chrome cast iron rolls and rolldgs with no graphite in the shell are being used
in some places, but more or less on a trial scale.
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Figure 1: work roll types for hot rolling of flat p roducts

The driving force for all these developments was ittea of improving the wear resistance and
surface quality of the rolls in order to run muolhder campaigns and to improve the efficiency
of the entire mill (or at least maintain a certaampaign length, but rolling thinner gauges and
harder steel grades).

Not all ideas and concepts of improving the sheltarial could be realised, some of them failed
in mill trials. The reason is quite simple (fig: 2)
- Double poured work rolls are big and very complastmgs. The bigger the casting, the
more likely the inner part of the casting will shemaller (or bigger) imperfections
- Shell and core material have different alloyingteous, transformation temperatures and
thermal expansion. This leads to high residualssti@ompression stress in the shell,
tensile stress in the core)
- High residual stress and imperfections in the irpeat of the shell or in the transition
zone shell — core may increase the risk of rolufai
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Figure 2: principle of compound rolls [1]

The development of shell materials and roll grames the last years can be described as follows
(fig. 3):

We can see a development starting from clear cbillé to indefinite chill, then (after a long
time) came high chrome iron and high chrome stesdeg, which later were modified by carbide
enhancement. After that we saw the developmentS8 kbeginning in the first finishing stands)
and ultra low carbon grades (for the roughers).

This sequence of roll grades was characterizeddtgaaly improvement of tonnage performance,
although the hardness of the rolls did not chamgstitally.

Even more astonishing is the fact that the totabide content of the roll shell materials

decreased from around as much as 40% (clear ctadllhegh hardness indefinite chill with low

graphite content) to 5 — 15% only (in case of H&%¥a low carbon grades like Semi HSS may
even show carbide contents below 5%.

So where did the performance improvements come fro@??
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Figure 3: roll grades for hot rolling of flat products [2, 3]

It would be wrong to say that the big improvemehperformance of modern roll types came
from the new rolls only. The terrific improvementsade in the hot rolling mills, efforts in
automatization and planning of campaigns as welh@eduction of newly developed lubricants
and new testing and grinding practices in the sblbps have also played a major role. But it
cannot be denied that also the roll makers hava baecessful in their efforts to improve their
products.

In modern rolls, the carbide types and carbidémess have changed totally.
We can distinguish between 4 different systemshefi snicrostructures:
- Clear chill and conventional ICDP and, with smakiations concerning carbide types
and graphite formation, also carbide enhanced ICDP
- High chrome iron and steel and, again with smatiations in the carbides, the carbide
enhanced types
- All variations of HSS
- Ultra low carbon grades

When we now have a look at the performance levietifizrent roll types used in roughing and
finish rolling, we can state that:

- staying within the same system of shell microstigt e.g. changing hardness of high
chrome or using carbide enhanced high chrome idstEaonventional high chrome, will
certainly increase roll performance and surfacdityuaat least to some extent.

- Drastic increase of performance can only be reablyddaving the system and going for
an advanced roll type.
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Here are some examples of ESW’s customers to #destire situation we can see in many hot
rolling mills.

Example 1. SINGLE REVERSING ROUGHER
WR @1250x2050 mm of a semi-continuous HSM rollingimhy carbon grades (fig. 4)

With conventional high chrome steel rolls 70 — T8CSthe campaign length was limited to an
average of 24.000 tons.

Carbide enhancement and an increase in hardneg% te 80 ShC helped to increase the
campaign length to 30.000 tons. In addition to ,tlzat increase in surface quality could be
observed - see fig. 5 illustrating the comparisosaurface roughness.

A major increase in campaign length could be reddie moving towards HSS roll grades. A
chromium based HSS 78 — 83 ShC reached an avefa@000 tons, with less wear and better
wear profile than the carbide enhanced chrome gffagle6). At the early beginning there has
been some concern using HSS rolls because of gigppad biting problems in this application,
but up to now no problems were reported.

Finally, a molybdenum based HSS grade 80 — 85&hCis successfully running campaigns of
65.000 tons, allowing the mill to roll a 1 week qaargn without roll change. Thus, the Moly
base HSS almost tripled the campaign length oEtmeentional high chrome steel grade.
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Figure 4: increase in campaign length by changindhe roll system
in a single reversing roughing stand of a semi-céinuous hot strip mill
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Figure 5: barrel surface of work rolls (31250x2050)
in a single reversing roughing stand of a semi-céinuous hot strip mill
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Figure 6: wear profiles of work rolls (81250x2050)
in a single reversing roughing stand of a semicoimuous hot strip mill
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Example 2: FINISHING STANDS NO. 1-3
of a 7 stand HSM WR @740x1800 mm rolling mainly HS&and automotive sheets (fig. 7)

Conventional high chrome iron rolls 70 — 75 ShCGcheal a performance level of 7400 tons/mm.
ESW’'s method of carbide enhancement [4] and a 5 SinCrease in hardness pushed the
performance to 8500 tons/mm. The average campaiggii was 2.500 tons in both cases.

The introduction of our chromium based HSS typeofiKordia”) 75 — 80 ShC already doubled
the campaign length, the performance level reacmmge than 12.000 tons/mm. With the
introduction of our molybdenum based HSS, 4 subseigrolling programs could be run without
roll change and grinding, thus increasing the cagmpkength to 10.000 tons and the performance
to more than 22.000 tons / mm, 3 times the perfagaaf high chrome rolls.

Running 4 programs now is possible due to the pederface condition of the moly base HSS,
which shows much lower roughness values than timeeidy used Cr based HSS type (fig. 8).
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Figure 7: increase in performance by changing theoll system
in stand F2 of a 7 stands hot strip mill
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Figure 8: barrel surface after rolling 3 000 tons
in stand F2 of a 7 stands hot strip mill (3820x235(5]

Concerning the last finishing stands, the pictareamewnhat different.

Example 3: FINISHING STANDS NO. 5-7
WR @715x2250 mm of a 7 stand HSM rolling mainlylxar steel (fig. 9)

Carbide enhanced ICDP rolls have increased theagegoerformance level from 4760 to 6170
tons / mm, i.e. 30%. This increase in performasatuie to improved wear resistance triggered by
the introduction of high hardness special carbidespacted graphite (instead of coarse lamellar
graphite) and the elimination of hardness droprduthe lifetime of the roll (fig. 10).

However trials to further increase the performalmgeising higher amounts of special carbides in
CE ICDP or using graphite free roll grades like H&Se failed in most cases.

Many mills have made the same experience. As sedheacarbide level of the rolls exceeds a
certain limit (and the graphite content of thesalminishes), cracking problems occur even after
minor rolling incidents. In some cases, surfacggtmess due to strip welding occurred.

From the theoretical point of view, some enhancedrseategies could create carbide enhanced
ICDP rolls with extremely high wear resistance,yiong performance levels of 10.000 t/mm,
but these rolls would require perfect rolling cdmahs which in reality cannot be found in most
mills running either close to the limits of thegchnical capabilities, or even exceeding them
regularly to fulfil the demanding requirements afiay’s steel markets.
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Obviously, there seems to be a need for a chantieeiroll alloying system for the last finishing
stands, but so far no solution is in sight.
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Figure 9: increase in performance by changing theoll system
in stand F5 - F7 of a 7 stands hot strip mill
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Figure 10: comparison of shell microstructure and lardness drop
of conventional ICDP and carbide enhanced Indefing (VIS) [6]
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Example 4: STECKEL MILL
WR @690x1870mm of 6-high stand rolling exclusivselginless steel (fig. 11)

Stands which are rolling the final pass of thepstommonly suffer from specific problems when

graphitic free rolls are used (surface finishingycking, sticking, etc.). Trials with high chrome

cast iron rolls usually failed in Steckel mills. eshwhile the rolling conditions of some Steckel
mills were improved for the use of advanced HS$raome HSS-trials are in progress and
excellent results are achievable.

With conventional ICDP and carbide enhanced ICD#amless steel manufacturer reached 140
— 180 t/mm in his 6 high Steckel mill (fig. 11). i§hmill has changed partially to HSS in the
Steckel which now perform up to 1 000 t/mm. So bgrging the roll system from ICDP to HSS

a phenomenal increase in performance could beesbl no negative consequence to the surface
quality was observed.
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Figure 11: increase in performance by changing theoll system
in a 6-high Steckel mill
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SUMMARY AND OUTLOOK

The roll industry has developed new roll gradesoihging to different systems concerning
alloying and microstructure of the shell materiBig steps of improvement in work roll
performance can only be reached by leaving a syatehgoing for the next (and better) one.

A change in the work roll system will certainly tegg investments and efforts from the roll
user’s side to get the full benefit from the systdrange. This includes
- introduction of roll gap lubrication for HSS
- optimizing rolling conditions to avoid thermal anmgchanical overload of the rolls
- upgrading the roll shop with modern crack detecsgstems (eddy current, surface wave
uT)

A significant improvement of roll performance iretkast finishing stands will not happen in the
immediate future. The rolling conditions in mostllsmnowadays do not allow the use of very
high alloyed CE ICDP rolls or HSS rolls (which wdlde a step into a new alloying system).

The development of HSS types exclusively for tret fanishing stands, or of roll grades with
even higher wear resistance than HSS, will onlypleapas soon as roll makers are encouraged by
improving mill conditions (no more tail end slapgimo thin gauge rolling in mills that have not
been design to roll thin gauge, etc.) that wouldvakhe use of such sophisticated rolls on a large
scale.
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